The objective of this work was to study the histological events related to the regeneration process of a medicinal plant, Nymphoides cristatum (Roxb). Leaf explants were cultured on MS medium supplemented with 0.5 mgl -1 of 6-benzyl amino purine (BAP). About 90% of explants gave rise to shoots after 15 days of incubation. The histological studies showed that the regeneration originated directly from parenchymatous cells and direct organogenesis after 20 days of culture could be observed. Buds and roots were found completely differentiated after 40 days of culture and number of shoots per explants was 30. Micorshoots were rooted in hormone -free medium and the plants obtained grew in artificial pond under green house conditions.
INTRODUCTION
Nymphiodes cristatum is an aquatic medicinal herb (Anonymous 1962) used to cure fever and Hepatitis (Kirtikar & Basu 1935) . Stalks and leaves are pounded with oil and applied to ulcers and insect bites; and a decoction is used as a wash for parasitic skin affections. Seeds are considered anthelmintic (Chopra et. al. 1956 and Burkill 1935) .
We have reported indirect regeneration of N. cristatum (Niranjan and Sudharshana 2000) by using floral bud as explants. No earlier work has yet been reported on direct regeneration and histological studies using leaf of N. cristatum as explant. The objective of this work is to study the histological events related to direct regeneration from leaf of N. cristatum.
MATERIALS AND METHODS
Healthy leaves were collected from the elite mature herb of N. cristatum from university botanical garden Mysore. Leaves were washed under running tap water and then teepol. They were surface sterilized with sodium hypochlorite (0.4%) and washed 3-5 times with sterile distilled water. Leaf discs (15 mm diam) were cultured on the basal MS (Murashige and Skoog 1962) medium containing 0. 5 mgl -1 BAP, 3% sucrose and pH was adjusted to 5.6 with NaOH or HCl prior to adding agar ; medium were autoclaved for 20 min at 121°C and 101 Kpa.
After proliferation of shoots they were transferred to the MS hormone -free medium. All the cultures were incubated in a growth chamber with controlled temperature (24 ± 2° C), irradiance of 60 mmol m -2
S
-1 and 16-hour photoperiod. When shoots grew more than 2 cm long, they were transferred to individual culture tubes containing the same medium. Shoots obtained after rooting in MS freehormone medium were transplanted to green house pond. The experimental design used was at random, with 28 replicates and each experiment was repeated three times.
Histological Studies
In vitro behavior of explants was evaluated through visual observation and histological studies. For this purpose the material was obtained 0, 8, 16, 32, 42, 44 and 48 days after inoculation in vitro and was fixed in formalin-acetic-alcohol (FAA) overnight at room temperature prior to transfer to 70% alcohol. Fixed explants were dehydrated in 50:50 (v/v) ethanol : tert-butyl alcohol series in increasing increments of 10% tert-butyl alcohol and embedded in paraffin (Johansen, 1940) . Sections of 9 μm thickness were cut using a rotary microtome. The sections were stained in haematoxylin and mounted in DPX. Photomicrographs were taken on Labomed microscope with Kodak black and white negative film for anatomical observations.
RESULTS AND DISCUSSION

In Vitro culture
Visual observations revealed that leaf explants of N. cristatum, cultured in MS medium with 0.5 mgl -1 BAP showed that a large size and a compact and irregular consistency after a week of incubation. Approximately 15 days after culture multiple shoots could be observed over the explants surface, and it could be determined that 80% of explants responded (developed shoots) after being transferred to hormone -free medium. Scorza and Janick (1980) obtained primordial directly from cut ends of the leaves of five species of Passiflora. However, Otahola (2000) in P. edulis f. flavicarpa, found a large number of callii were produced; direct organogenesis occurred on media supplemented with BAP only (Dornals & Vieria, 1994) . On average 30 shoots per leaf explants differentiated in 40 days of culture. Some shoots took dominance inhibiting the growth of the remaining ones. However, Gattuso et. al. (2003) obtained 60 shoots per piece of leaf in 50 days of culture. \Approximately 3 cm long shoots were transferred to hormone -free MS medium, where 100% of them differentiated an abundant root system. This result showed that when shoots were transferred to a hormone -free medium, the rooting occurred; similar results have been reported by Otahola (2000) with leaf discs of P. edulis f. flavicarpa.
Histological Analysis
Explant characteristics: The cross sectional analysis of the N. cristatum leaf showed 5-6 layers of loosely arranged aerenchyma cells in between single layers of upper and lower epidermal cells (Fig. A) . After 12 days, cell dedifferentiation became evident through appearance of large nucleus undergoing division containing dense cytoplasm (Fig. B) . After 16 days, 10 layers of cells could be observed in the aerenchyma cells, while the proliferation continued around the vascular bundles.
After 30 days of culture, direct organogenesis could be observed, stems and leaves completely differentiated without roots, and connections between the vascular bundles of stem and those of the explants (Fig. C) . Buds and roots were found completely differentiated after 42 days of culture (Fig. D, E) . After 48 days the organogenesis was completed (Fig. F) . Tissue regeneration from leaf explants of N. cristatum was produced through the direct organogenesis from parenchymatous cells, corroborating bud differentiation on MS medium with 0.5 mgl -1 of BAP. The rhizogenesis carried out without growth regulators.
CONCLUSION
The present study proves that N.cristatum leaves have the potential for direct organogenesis without an intervening callus phase, which may provide a model system for studying the basic developmental morphology of the plant.
